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139 the extract was then filled in a glass tube and brought up to a volume of 4.5 ml with a 140 heptane/isopropyl alcohol mixture. One ml of distilled water was added, the mix was 141 vigorously shaken and incubated at 25C for 30 min for phase separation. 0.5 ml of the 142 heptane phase were mixed with ethanol in a 1:3 ratio (v/v) and the absorbance at 233 nm was 143 measured on a SmartSpec Plus spectrophotometer (Bio-Rad) with extraction blanks used as 144 references. An extinction coefficient of 2.52×10 4 M -1 сm -1 [33] was used to determine the 145 amount of CD present. The data are reported as nmol g −1 wet weight. (Fig. 3a, b ). With longer exposure times to CdCl 2 262 changes in hsp70 transcript levels were in all amphipod species generally more pronounced:
263 After 1 hr exposures hsp70 levels were significantly (p < 0.05) increased in two cases (E. Fig. 3a ). Although significant changes 268 in hsp70 transcript levels were also seen with CdCl 2 at lower LCx, changes were more 269 pronounced at higher LCx levels and could be described with a regression curve over all data 270 following a Gaussian shape with an overall maximum hsp70 transcript level at LC70 followed 271 by a decrease (Fig. 3b ).
272
Hsp70 protein levels across amphipod species from CdCl 2 treatments also followed a 273 Gaussian function when expression data were related to the respective LCx values (Fig. 4 ).
274 Significantly (p < 0.05) increased Hsp70 protein levels were seen in E. cyaneus at 1.8-and 275 1.7-fold, respectively, after 1 and 6 hr exposures to 5 mg/l CdCl 2 corresponding to the 276 species-specific LC70; and in E. verrucosus after 24 hrs exposure with a 2.6-fold increased 277 protein level above the control. For this species 5 mg/l CdCl 2 corresponded to the LC45. In E.
278 vittatus and G. lacustris exposed to the species-specific LC10 and LC90, respectively, Hsp70 279 protein levels were not significantly different from the respective controls ( Fig. 4) . 290 In the other cases, significant abcb1 transcript increases were seen only at one time point.
291 Changes in abcb1 transcript levels did not seem to depend on CdCl 2 concentration / LCx 292 value; the significant changes were seen across different LCx values and were not generally 293 induced at higher or lower LCx values (Fig. 5) .
295 Discussion

296
The four examined amphipod species showed clear differences regarding toxic 297 sensitivities to CdCl 2 that became evident by LC50 values ranging over one order of 298 magnitude (Table 1) . Along those lines the levels of conjugated dienes, indicating cadmium 299 effects on the molecular level, were at equal CdCl 2 exposure concentrations only increased in 300 the toxicologically more sensitive species E. cyaneus and G. lacustris (Fig. 2) . Conjugated 301 dienes are primary products of lipid peroxidation resulting from oxidative stress [41, 42], a 302 main cause of the toxic action of cadmium [43, 44] . This effect of CdCl 2 on gammarids was 303 indicated in a previous study where it was found that CdCl 2 exposure leads to the inhibition of 304 common antioxidant enzymes in gammarids [45] . Differences in internal cadmium levels as a 305 consequence of different cadmium uptake rates can, to a certain extent, be seen as a reason for 306 the differences in toxicological sensitivities of the different species. Body size has previously 307 been shown to be an important determinant of cadmium uptake by aquatic insects [46] . Along 308 those lines, cadmium uptake rates during CdCl 2 exposures were higher in the concurrently 309 toxicologically more sensitive E. cyaneus than in E. verrucosus that differed by 10-to 50-fold Stress gene responses in amphipods to cadmium 15 310 in freshweight [47] . In the present study, G. lacustris individuals that were similar in size to 311 E. cyaneus individuals showed toxic sensitivities that were accordingly in the same range as 312 for E. cyaneus (Table 1) . Eulimnogammarus vittatus, however, was from the examined 313 species least sensitive to CdCl 2 although the body sizes of the individuals were clearly below 314 those of E. verrucosus and it can be assumed that the cadmium uptake rate was accordingly 315 higher. It was previously found that the occurrence of toxic effects by CdCl 2 in E. verrucosus 316 was in addition to a in comparison to E. cyaneus lower cadmium uptake rate further depressed 317 by a reaction to CdCl 2 exposure with metabolic depression [47]. This was not examined here 318 but it seems conceivable that the in comparison low toxic sensitivity of E. vittatus to CdCl 2 319 may be due to particularly pronounced metabolic depression as a reaction to CdCl 2 exposure.
320
Although metabolic depression by cadmium may have decreased activity on a 321 physiological level it appeared to have no effect on the transcription activity. Thus, hsp70 was 322 significantly induced in E. verrucosus that previously showed a metabolic depression 323 response to CdCl 2 exposure but not in E. cyaneus that does not respond to CdCl 2 with 324 metabolic depression [47] in the 6 and 24 hr CdCl 2 treatments at LC50 (Fig. 3) . Furthermore, 325 a significant abcb1 increase was seen in E. verrucosus at LC25 but not in E. cyaneus at LC30 326 after 1 hr exposure to CdCl 2 and in E. vittatus but no other species at LC10 after 24 hrs 327 exposure to CdCl 2 (Fig 5) .
328
The CdCl 2 -dependent hsp70 transcript and Hsp70 protein response levels could across 329 the species be related to the respective CdCl 2 -related stress levels. When plotting all hsp70 330 transcript or Hsp70 protein levels across species against the respective species-specific LCx 331 values the values showed an increase to a maximum followed by a decrease at higher LCx 332 values (Figs. 3, 4) . When assuming that the increasing LCx values represent increasing Stress gene responses in amphipods to cadmium 16 333 degrees of stress this course represents stress-level dependent expression degrees that for 334 Hsp70 has been described before: The Hsp70 titre increase in the "compensation phase" is 335 followed by a Hsp70 titre decrease in the "non-compensation phase" at higher toxicity levels 336 when the ability of the cells to react to the toxicant is increasingly degraded [ 
346
Induction of abcb1 transcripts tends to depend on LCx levels and time of exposure, i.e., 347 internal cadmium levels. Increased abcb1 levels were more seen at higher CdCl 2 LCx values 348 and occurred at lower LCx levels after longer times of exposure ( Fig. 5 ). However, across 349 species abcb1 induction levels are not uniform at equal LCx levels. Thus, after 24 hrs 350 exposure to CdCl 2 at LC10 abcb1 levels were only significantly increased in E. vittatus but 351 not in E. verrucosus, E. cyaneus and G. lacustris; after 6 and 24 hrs exposure to CdCl 2 at 352 LC50 significant abcb1 increases were only seen in E. cyaneus but not in E. verrucosus and 353 G. lacustris (Fig. 5 ).
354
The differences in sensitivity of the hsp70 and abcb1 transcript responses among the 586 Tables   587  Table 1 . Lethal concentration values (LCx; x: % lethality) for CdCl 2 (mg/L) and curve 588 parameters for the different amphipod species determined with the HILL model (eq. 1, see 
